Abstract -Article is devoted to testing of the method for indirect control of acoustic load parameters. The results of measurement of acoustic load parameters are presented.
I. INTRODUCTION
ODERN ULTRASONIC electronic generators are the devices transforming the energy of the electric line into the energy of the electric vibrations of the ultrasonic frequency providing the performance of additional functions for ensuring optimum mode of energy transfer into processed media. In order to create the generalpurpose ultrasonic generators, which are able to provide maximum effective influence on the different technological media in the automation mode it is necessary to continuously acquire information on physical properties of processed media and to use this information for control of the generator and providing of optimum mode of operation.
The efficiency of entering of ultrasonic vibrations into the processed medium is provided by the optimum matching of the elements of the system "the generator -the ultrasonic vibrating system -the processed medium".
The matching in the system the ultrasonic vibrating system -the processed medium is ensured at the stage of the designing of the ultrasonic vibrating system by the choice of type and construction of the ultrasonic vibrating system. The matching in the system "the generator -the ultrasonic vibrating" is ensured at the stage of tuning of the electronic generator by the compensation for residual reactive component of impedance of the ultrasonic vibrating system at its resonance frequency. It ignores further possible changes caused by changes in mode of operation, as well as changes in the vibrating system and the processed medium.
Changes in properties of the processed medium result in mismatch of the system "the generator -the ultrasonic vibrating system -the processed medium"" due to changes in acoustic impedance of the processed medium. The system, which controls parameters of the processed media, allows increasing efficiency of entering acoustic energy into the processed medium due to correction of matching elements and maintenance of optimum mode of the system "the generator -the ultrasonic vibrating system -the processed medium".
As ultrasonic vibrating systems are in direct contact with the processed medium radiating vibrations into it, properties of the ultrasonic vibrating system, such as resonance frequency, mechanical Q, and input electrical impedance will depend on properties of the processed media. Close interconnection of parameters of the ultrasonic vibrating system and parameters of the technological media helps to realize the method for indirect control of parameters of the processed media by controlling parameters of the ultrasonic vibrating systems. Fig 1 shows the equivalent circuit of the ultrasonic vibrating system taking into account the elements caused by the load (R L L L C L ). The existing method [1] lets define values of the elements of the equivalent electric circuit of the ultrasonic vibrating system. Pilot experiments aimed at determining numeric values of the elements shown in Fig 1 have revealed some disadvantages of the measurement procedure [1] , which calculates values of the parameters of the equivalent electric circuit of the ultrasonic vibrating system using voltage taken from the piezoceramic elements of the ultrasonic vibrating system. In practice this voltage is caused by the reactive components of the matching circuit and differs from the voltage providing current through the load (mechanical branch of the vibrating system). From the typical connection of the piezoelectric transducer to the generator (Fig 2) it follows that the voltage on the piezoelements of the ultrasonic vibrating system is caused by the presence of the series-resonant circuit generated by inductor L and the capacity of the piezoelements. During operation of the ultrasonic generator the voltage on the L element equals to the value of the voltage on piezoceremic elements Z. It is phase shifted by 180°. As the voltages on the reactive elements of the electric vibrating circuit at the resonant frequency fully compensate each other, the current flowing through the vibrating system is caused by the voltage on the secondary transformer winding T [2] . Therefore, for calculations it is necessary to use the supply voltage of the vibrating contour, as it is the driving force carrying out the useful work.
II. THEORY
Taking into account the remarks mentioned above to calculate elements of the equivalent circuit of the ultrasonic vibrating system it is necessary to use the following expression: is the Q of the ultrasonic vibrating system without acoustic load (intrinsic Q of the ultrasonic vibrating system).
where and are the voltages at the output of the transformer T and the mechanical branch current measured during operation of the ultrasonic vibrating system in the acoustic loading mode at the resonance frequency
is the Q of the ultrasonic vibrating system measured in the acoustic loading mode.
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III. PRACTICE
The measuring bench was developed for measurements. Its block diagram is shown in Fig 3. The measuring bench consists of the ultrasonic generator (the controlled rectifier, the inverter, the matching link and the controlled generator) and the elements of the measuring circuit, which allow controlling exciting voltage of the LC circuit and the mechanical branch current of the ultrasonic vibrating system. The measurements were carried out during processing of different liquid media at different ultrasonic exposure levels.
The generator "Volna" 0.15/22 with the half-wave vibrating system was used as a base of the measuring bench (radiation area of the working end is 4 cm 2 ). Engine oil, olive oil, distilled water, ethylene glycol, alcohol and silicone were chosen as processed media. The choice of processed media is caused by different viscosity and cavitation strength. Moreover, water and alcoholic solutions represent a major part of liquids used for ultrasonic processing.
Each liquid was measured 10 times at different power levels. Values of R, L, C elements of the equivalent circuit of the ultrasonic vibrating system were calculated both without acoustic load and with acoustic load on the basis of the obtained experimental data. The dependences of these parameters on the current consumed by the ultrasonic vibrating system were calculated. This current, in its turn, is proportional to mechanical vibration amplitude of the ultrasonic vibrating system.
IV. RESULTS OF MEASUREMENTS
To determine the values of the parameters of the equivalent circuit caused by properties of the vibrating system a number of experiments was carried out in the air (operation under no-load conditions). For the ultrasonic vibrating system used in the measuring bench these parameters are R 0 =45 Ohm; L 0 =0.5 H; ɋ 0 =9.8*10-11 F.
Further the experiments were carried out for each of the chosen acoustic loads. The results are presented in the graphs in Fig. 4 -Fig.6 . Fig. 4 shows the dependences of the ohmic resistance of the mechanical branch on the current flowing through the mechanical branch.
It is evident from the graph that at small values of the mechanical branch current, when the pre-cavitation mode is realized, ohmic resistance of the mechanical branch for different media greatly varies. This is caused by different physical properties of the processed media. According to the electromechanical analogy system, the active component of impedance corresponds to active losses in the mechanical system. As applied to acoustic load, these losses are usually internal friction losses of particles.
With increase in mechanical branch current (as cavitation develops in the medium) the active component of the impedance decreases and tends to a single value. This is caused by changes in properties of the medium due to the development of the cavitation. Change rate of ohmic resistance of the mechanical branch depends on properties of processed medium, especially on its cavitation strength. The decrease in ohmic resistance (as cavitation develops in the medium) is caused by the decrease in degree of coming ultrasonic energy into the medium because of screening radiating surface with growing cavitation gas-vapor cloud. Fig. 5 and Fig. 6 show the dependences of reactive (L and C) elements of the mechanical branch of the equivalent circuit of the ultrasonic vibrating system on the mechanical branch current. From the dependences presented in Fig 5 it is clear that the value of C element of the equivalent circuit grows, as the mechanical branch current of the ultrasonic vibrating system increases. This can be explained by changes in reactive (inertial) components of the acoustic impedance of the processed medium.
The rise of inductance value (equivalent to additional mass), with increasing mechanical branch current (amplitude of mechanical vibrations) is clearly associated with enlargement of radiation area of the ultrasonic vibrating system (at low amplitudes the central part of the working tool operates; with the rise of the vibration amplitude peripheral zones start operating). Therefore, this growth will continue until the radiation area achieves area of the working tool. Fig. 6 shows the dependences of the capacity of the mechanical branch of the equivalent circuit of the ultrasonic vibrating system on the mechanical branch current. According to the system of electromechanical analogy, capacity corresponds to elasticity, but as related to acoustic load it is more convenient to apply such parameter as sound velocity in the medium, which is determined by elasticity and density of the medium.
As current is increased, reduction of C element value (sound velocity) is observed; it can be explained by saturation of liquid media with gas-vapor cavitation bubbles and approximation of its properties to the ones of gas medium.
V. CONCLUSION
The practical investigations showed the relation between physical properties of the processed media and parameters of ultrasonic radiators. The presence of such relation allows controlling properties of the technological media exposed to ultrasonic processing. Controlling electric parameters of the equivalent circuit of the ultrasonic vibrating system it is possible to control such properties of liquid media as sound velocity in the processed medium, the value of equivalent additional mass, degree of cavitation development. Integration of such control system into the existing ultrasonic equipment allows, on the one hand, to control the processes taking place in liquid media in the ultrasonic fields and, on the other hand, to optimize operation of the ultrasonic technological devices.
